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STARTING SYSTEM 


GENERAL DESCRIPTION 





Vehicles within the Transit range are fitted with inertia or pre-engaged starter motors of either Lucas or 


Bosch manufacture. The starter motors are basically of a conventional series wound, four pole, four brush 
design and are fully serviceable. 


The standard equipment Lucas starter motor is the M35J inertia or pre-engaged the 5M90 for diesel, with 
optional heavy-duty M50G or 2M100 being available where required. 


On vehicles with a Bosch starter motor a 0.7PS, 0.8PS, 1.1PS or 3.3PS type will be fitted dependant on 
engine and transmission specification. Irrespective of make or model all pre-engaged starter motors have an 
integral solenoid. The solenoid should not be dismantled and is only serviced as an assembly. All types have 
pinions which engage with a ring gear during starting. The ring gear is located on the outside of the flywheel, 


or, in the case of vehicles fitted with automatic transmission, on the circumference of a separate drive plate 
assembly. 





TR/26/1 


Fig. 1. Starter motors 


A — Lucas M35J inertia motor D — Lucas 2M100 motor 
B — Lucas 5M90 motor E — Bosch 0.7 and 0.8PS motor 
C — Lucas M50G motor F — Bosch 1.1 and 3.3PS motor 
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STARTING SYSTEM 


GENERAL DESCRIPTION (cont'd) 





LUCAS M35J (Inertia) 


The M35J starter motor is a series wound, four pole, four brush unit, and is mounted to the clutch housing by 
three bolts. 


A face-type commutator assembly is moulded onto the armature. 


The brushgear assembly is fully insulated and comprises wedge-shaped brushes actuated by coil springs 
located in a plastic brushbox moulding which is rivetted to the commutator end plate. The brushes have a 
keyway to ensure correct location and the springs are held captive in the brushbox moulding. 


The continuously wound field winding has no interconnecting joints. One end is earthed to the main casing 
(yoke) by a rivetted connection, while the other end is connected to two of the four brushes. The remaining 
pair of brushes are connected to the main feed terminal. 


The main casing (yoke) of the starter motor has two independently fixed end plates. The commutator end 
plate screws locate in the main body itself, whilst the ‘drive’ end plate screws locate in tapped holes provided 
in the pole pieces. Access to the brushes is gained by removing the commutator end plate. 


The drive pinion, which runs on a screwed sleeve (with an internal spline), and the powerful cushion spring, 
are retained on the commutator shaft by a ‘C’ clip. 
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Fig. 2, Lucas M354J (inertia) starter motor 


1. Brushes 8. Pole piece retaining screw 15. Cushion spring 
2. Brushbox moulding 9. Pole piece 16. Cushion washer 
3. Commutator end plate 10. Field winding 17. Screwed sleeve 
4. Thrust washer 11. Drive end plate 18. Anti-drift spring 
5. Commutator 12. Drive end plate retaining screws 19. Drive pinion 

6. Armature 13:. ‘C*clip 

7. Main casing (yoke) 14. Spring cup 
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STARTING SYSTEM 


GENERAL DESCRIPTION (cont'd) 





Lucas 5M90 Pre-Engaged Starter Motors 


This starter motor is a four pole, four brush motor with a series wound field and a solenoid operated roller 
clutch drive, Fig. 3, item 24. 


The starter motor has a face-type moulded commutator assembly on the end-face of the armature. A fully- 
insulated brushgear assembly comprises wedge-shaped brushes and coil springs assembled into a plastic 
brushbox moulding which is riveted to the commutator end plate. The brushes are provided with a keyway to 
ensure correct fitting, and the springs are held captive in the brushbox moulding. 


The field-winding is continuously wound and has no interconnecting joints. One end is earthed to the yoke by 
a soldered connection, while the other end terminates at one pair of brushes. The remaining pair of brushes 
are connected to the main feed terminal. The main casing (yoke) of the starter motor has an independently 
secured plate at the commutator end and an independently secured drive end housing. The commutator end 
plate screws locate in the main body itself whilst the drive end housing screws locate in tapped holes 
provided in the pole pieces. Access to the brushes is gained by removing the commutator end plate. 


Armature end-float is controlled at the commutator end by a thrust plate and required number of packing 
shims, which are assembled on the armature shaft extension. The parts are retained by a star clip secured on 
the end of the shaft. 


The position of the actuating lever in the drive-end housing is pre-set and cannot be altered. This eliminates 
setting the pinion position to obtain the correct operation of the actuating solenoid. The lever swivels on a 
non-adjustable pivot pin which ts retained in the drive-end housing by a special type of retaining ring which is 
a spring fit into a groove in the pin. 
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Fig. 3. Lucas 5M90 (Pre-Engaged) Starter motor 


1, Terminal nuts and washers 13. Field to earth connection 25. Main casing (yoke) 
2. Commutator end cap 14. Rubber seal 26. Armature 
3. Brush housing 15. Rubber dust pad 27. Thrust washer 
4. Brush springs 16. Rubber dust cover 28. Commutator end plate retaining 
5. Brushes 17. Pivot pin screws (2) 
6. Connector link, solenoid to starter 18. Retaining clip 29. Bearing bush 
7. Solenoid unit 19. Housing retaining screws (2) 30. Thrust plate 
8. Return spring 20. Bearing bush 31. Star clip 
9. Engagement lever 21. Drive end housing 32. Dust cover 
10. Pole screw 22: “C''clip 
11. Pole shoe 23. Thrust collar 
12. Field coils 24. Drive assembly 
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STARTING SYSTEM 


GENERAL DESCRIPTION (cont'd) 





Lucas M50G Pre-engaged Motor 


This starter motor is a four pole, four brush motor with a series wound field and a solenoid operated roller 
clutch drive, Fig. 4. item 19. 


A radial commutator assembly is moulded to the armature. The brush gear assembly has two fully insulated 
positive brushes, connected to the main terminal via a split field winding. The remaining pair of brushes are 
connected direct to earth on the metal brush plate. 


The main casing (yoke) houses the four pole pieces and the field windings. The commutator end housing and 
the drive-end housing are fixed to the main casing by common through bolts or studs, nuts and washers. 


Armature shaft end-float is controlled at the commutator end by a steel thrust washer and fibre washer 
which are assembled on the armature shaft extension. 


The position of the actuating lever in the drive-end housing is pre-set and cannot be altered. This eliminates 
setting the pinion position to obtain the correct operation of the actuating solenoid. The lever swivels on a 
non-adjustable pivot pin which is retained in the drive-end housing. 
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Fig. 4. Lucas M50G (Pre-engaged) Starter motor 


1, Nut and spring washer 9. Solenoid unit 17. Thrust collar 25. Insulated brushes 
2. Bolt 10. Return spring 18. Gasket (field coils) 
3. Brush gear assembly 11. Sealing grommet 19. Drive assembly 26. Steel thrust washer 
4. Fibre washer 12. Engagement lever 20. Intermediate 27. Bearing bush 
5. Brake shoes and 13. Eccentric pivot pin bracket 28. Sealing ring 
cross peg 14. Drive end fixing 21. Sealing ring 29. Commutator end 
6. Armature bracket 22. Field coils bracket 
7. Flexible link 15.. °C’ clip 23. Through bolts 
8. Copper link 16. Bearing bush 24. Yoke 
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STARTING SYSTEM 


GENERAL DESCRIPTION (cont'd) 





Lucas 2M100 Pre-Engaged Starter Motor 


This starter motor is a four pole, four brush motor with a series wound field and a solenoid operated roller 
clutch drive. 


The starter motor has a face-type moulded commutator assembly on the end-face of the armature. A fully- 
insulated brushgear assembly comprises wedge-shaped brushes and coil springs assembled into a plastic 
brushbox moulding which is riveted to the commutator end housing. The brushes are provided with a keyway 
to ensure correct fitting, and the springs are held captive in the brushbox moulding. 


The field-winding is continuously wound and has no interconnecting joints. One end is earthed to the yoke by 
a soldered connection, while the other end terminates at one pair of brushes. The remaining pair of brushes 
are connected to the main feed terminal. 


Access to the brushes is gained by removing the commutator end housing. 


Armature end-float is controlled at the commutator end by a thrust clip which is assembled on the armature 
shaft extension. 


The position of the actuating lever in the drive-end housing is pre-set and cannot be altered. This eliminates 


setting the pinion position to obtain the correct operation of the actuating solenoid. The lever swivels on a 
non-adjustable pivot pin. 
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Fig, 5. Lucas 2M100 (Pre-engaged) Starter motor 


1. Rubber cover 6. Armature 12. Drive-end bracket 18. Pinion gear assembly 
2. Spire retaining clip 7. Solenoid 13. Solenoid securing nut 19. Pole shoe and yoke 
3. Commutator end 8. Return spring and washer assembly _ 
housing bush 9. Lost motion spring 14. Retaining clip 20. Spacing spring 
4. Commutator end 10. Actuating lever 15. Drive-end bracket bush 21. Through bolts 
housing 11. Actuating lever pivot 16. ‘C' clips 22. Brush 
5. Starter terminal link pin 17. Thrust collar 23. Brush box assembly 
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STARTING SYSTEM 


GENERAL DESCRIPTION (cont'd) 





BOSCH — all models 


The Bosch starter motors are series wound, four pole, four bush units having an integral solenoid and a roller 
clutch drive. 


A radial commutator assembly is moulded to the armature. 


The brushgear assembly has two fully insulated positive brushes connected to the main feed terminal via a 
split field winding. The remaining pair of brushes are connected direct to earth on the metal brushplate. 


The main casing (yoke) houses the 4 pole pieces and the field windings. The commutator end housing and 
the drive end housing are fixed to the main casing by common through bolts or studs, nuts and washers. 


Armature shaft end-float is controlled at the commutator end by shim washers which are retained by a ‘C’ 
clip on the armature shaft. 


The drive pinion is actuated by a solenoid bolted to the drive-end housing. An actuating lever with a fork at 
one end transmits the solenoid movement to the pinion during the starting operation. The position of the 
actuating lever is pre-set and requires no adjustment. The pivot pin is a nut and bolt assembly. 
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Fig. 6. Bosch starter motor 


1. Solenoid body 11. Commutator end housing 21. Brush spring 
2. Gasket 12. Brushbox assembly 22. Brush 
3. Switch contacts and cover 13. Manifold winding braiding 23. Commutator 
4. Terminals (main) 14. Main casing (yoke) 24. Armature. 
5. Retaining screw 15. Drive-end housing 25. Drive pinion and roller clutch 
6. End cover 16. Solenoid retaining screw assembly 
7. Seal 17. Bearing bush 26. Bearing bush 
8. ‘C'clip 18. Pivot screw 27. Thrust washer 
9. Shim washer 19. Actuating lever 
10. Bearing bush 20. Through bolt 
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STARTING SYSTEM 


PRINCIPLE OF OPERATION 





INERTIA STARTER 


On turning the ignition switch, ‘B’ in Fig. 7, current is supplied to terminal ‘L’, which energises the solenoid 
and closes the main contacts ‘C’. This allows battery current to flow direct to the starter motor, ‘G’. The 
current enters the motor at the main terminal ‘E’, and passes through the armature windings via brushes to 
the field windings. The magnetic fields created in both windings cause the starter to rotate. The field coils 
connected to earth complete the circuit. 


Kl Sel SZ 





Figs ts | 

A — Battery E — Starter main terminal J — Distributor 

B — Ignition switch F — Field winding K —Ignition coil 

C — Solenoid main contacts G — Starter motor . L — Ignition switch terminal 
D — Solenoid H — Armature M — Ballast resistor circuit 


The acceleration of the armature shaft causes the drive pinion to move along the screwed sleeve and into 
mesh with the flywheel rear of gear. As soon as the engine starts the flywheel rotates faster than the starter 
motor and flings the pinion out of mesh along the screwed sleeve. The large spring cushions the shock of the 
pinion as it is thrown out of mesh by the engine starting and the small anti-drift spring prevents the pinion 
from vibrating into mesh once the engine is running. 
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STARTING SYSTEM 


PRINCIPLE OF OPERATION 





PRE-ENGAGED STARTER (Bosch shown) 


The solenoid circuit is designed to ensure that the armature shaft does not revolve until the drive pinion is 
fully engaged with the ring gear. 


Fig. 8. shows the pre-engaged starter circuit with the start switch in the ‘start’ position. 


The solenoid has two windings: a ‘closing winding’, ‘10° required to push the starting pinion into mesh with 
the ring gear and a ‘hold on winding’, ‘9’ required to maintain the pinion in mesh with the flywheel during 
engine cranking. The high resistance ‘hold on winding’ is earthed directly by means of a connection to the 
solenoid but a low resistance ‘closing winding’ is earthed through the starter motor itself. 
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Fig. 8. (Four brush motor shown) 


1. Battery 6. Field winding 11. Closing winding 

2. Ignition switch 7. Starter motor 12. Distributor 

3. Solenoid main contacts 8. Armature 13. Ignition control module* 
4. Terminal (feed to coil) 9. Hold onwinding 14. Ignition coil 

5. Starter main terminal 10. Solenoid armature 15. Ignition switch terminal 


16. Ballast resistor circuit 


*Used in conjunction with breakerless (transistorized) ignition and only available on V6 variants. 


While the ignition switch is in the start position, current is applied to the two solenoid windings ‘9° and ‘10° 
The combined magnetic field of the windings pulls the solenoid core into the centre of the windings where 
the field is strongest. 


This causes the pinion to engage the flywheel and simultaneously the main contacts ‘3’ are bridged. As soon 
as this happens the voltage at each side of the closing coil is equal and current flow through the closing coil 
ceases. Current continues to flow in the holding coil only, and the magnetic field is sufficient to hold the 
pinion in mesh. 


With the main terminals bridged, current flows direct to the starter motor, through the field winding and via 
brushes to the armature winding. The other two brushes connected to earth complete the circuit. The 
magnetic fields created in the field and armature windings cause the starter to rotate. 


A small terminal ‘4’ allows current to flow from the solenoid to the ignition coil ‘14° thus by-passing the 
ignition ballast resistor circuit ‘16’. 


As soon as the ignition switch is released the ‘hold on winding’ de-magnetises and the spring loaded core 
returns to its ‘rest’ position, pulling the pinion out of mesh and at the same time disconnecting the current 
supply to the motor itself. The ‘by-pass’ feed from ‘4’ is also disconnected at this moment and current for the 
ignition is drawn during normal running from the ignition switch through the ballast resistor circuit ‘16’. 





January 1978 FORD TRANSIT ‘78 ONWARDS: SECTION 26-9 


SS  — — EE 1 TTT TT LTT a 





TROUBLE DIAGNOSIS GUIDE —- STARTER MOTOR 


Armature shaft does not 
revolve or revolves too slowly 
when starter is switched oh 


Armature shaft revolves but 
pinion gear does not engage 


Armature shaft revolves until 
pinion gear engages positively, 
then comes to a stop 


Starter continues operating 
after ignition key has been 
released 


Pinion does not disengage 
after engine starts 


Possible Causes 


Discharged battery 


Battery terminals loose or 
oxidized. Poor earth con- 
nection 


Starter terminals or brushes 
have ground short-circuit 


Brushes do not contact commu- 
tator, jammed in their guides, 
are worn, broken, oily or dirty 


Worn bearings 


Commutator worn 


Solenoid switch defective 


Too much voltage drop in 
cables, cables defective, 
cable connections loose 


Pinion gear dirty on pinion 
sleeve 


Pinion gear or ring gear 
damaged 


Battery not sufficiently charged 


Insufficient pressure on 
brushes 


Brush springs weak 
Solenoid switch defective 


Excessive voltage drop in 
cables 


Ignition switch does not cut 
out 


Solenoid relay or switch 
sticks 


Pinion gear or flywheel ring 
gear dirty or defective 


Retracting spring weak or 
broken 


Faulty ignition/start switch 





STARTING SYSTEM 


Corrections 


Charge battery and check it 


Tighten battery terminals, clean 
terminals and apply acid- 
resistant grease 

Check earth 


Eliminate ground short- 
circuit 


Check brushes, clean or replace 
them. Check guides 

Check bearings, replace if 
necessary 

Turn down commutator on a 
lathe. Do not undercut 
between segments 


Replace solenoid switch 


Check starter cables and con- 
nections 


Clean pinion gear and sleeve 
Do not apply oil/ grease 


File down burrs 


Charge battery 


Check brushes: clean or replace 
them 


Replace brush springs 
Replace solenoid switch 


Check starter cables and con- 
nections 


Immediately loosen starter 
cable from battery or starter, 
replace solenoid relay or 
ignition switch 


Carefully remove any burrs 
Clean components 


Replace retracting spring 
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STARTING SYSTEM 


SPECIAL SERVICE TOOL RECOGNITION 


Tool 


CP-9504 
















Pole-piece screwdriver 


Pole-piece expander 


CP-9509 
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SERVICE AND REPAIR OPERATIONS — CONTENTS 


STARTING SYSTEM Also applicable to certain 
variants in the following 
model range 


Contained in operation 
Escort ‘75 onwards 
Taunus 76 


Transit ‘77 
Cortina 77 


Starting system — test 


Starter motor assembly — remove and install 


<x »& ™& | Described in this publication 
<x »& » | Granada ‘78 


x x x | Capri 


X 
X 
X 


Starter motor — overhaul 


Starter motor drive components — remove 
and install 


x x 


Starter motor brushes — remove and install 


Solenoid — starter motor — remove and install 
(inertia starters) 


Solenoid — starter motor — remove and install 


(Starter motor removed — pre-engaged 
starters) 


a a ee 
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STARTING SYSTEM 


SERVICE AND REPAIR OPERATIONS 





26 111 STARTER MOTOR AND 
STARTING SYSTEM — TEST 
(inertia motor) 


Check that the battery is in an acceptable condition 
for the purpose of the tests (fully charged with a 
hydrometer reading 1,270-—1,290 S.G.). IF NOT 
SATISFACTORY, REPLACE WITH A _ BATTERY 
KNOWN TO BE FULLY CHARGED AND IN GOOD 
CONDITION. 
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Fig. 9. Solenoid winding check 
A — Main terminals 
B ~— Spade terminal 


Test 1. Starter Solenoid Unit — Check 


A. Disconnect battery earth cable. Remove both 
cables from solenoid, ‘A’ in Fig. 9. Check 
continuity of solenoid windings by connecting 
a test lamp circuit comprising a 12 volt battery 
and low wattage (1-3 watts) bulb between 
the spade terminal and the solenoid body. The 
lamp should light. 


B. With both solenoid cables still disconnected, 
connect a new test circuit, Fig. 10, this time 
with a high wattage (18—21 watts) bulb, 
between the solenoid main terminals. Energise 
the solenoid by applying 12 volts between the 
spade terminal and a good earthing point on 
the solenoid body. The solenoid should be 
heard to operate and the test bulb should light 
fully indicating closure of the solenoid con- 
tacts. 





F/26/70 


Fig. 10. Solenoid operation check 


Test 2. Voltage check at battery terminals (on 
load) 


Connect a voltmeter directly between battery ter- 
minals, Fig. 11. 


Operate starter with ignition off, i.e. disconnect 
positive terminal on ignition coil. Reading on 
voltmeter should not be less than 10,5 volts. 





Fig. 11 Testing load on battery terminal 
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SERVICE AND REPAIR OPERATIONS 





26 111 STARTER MOTOR AND 
STARTING SYSTEM — TEST 
(Pre-engaged motor) 


Check that the battery is in an acceptable condition 
for the purpose of the tests (fully charged with a 
hydrometer reading 1,270—1,290 S.G.). If not 
satisfactory, replace with a battery known to be 
fully charged and in good condition. 
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Fig. 12A. Solenoid winding check 


A — Battery Terminal 
B — Feed Terminal 
C — Spade Terminal 


Test 1. Starter Solenoid Unit — Check | 


A. Disconnect battery earth cable. Remove both 
cables from solenoid. Check continuity of 
solenoid windings by connecting a test lamp 
circuit comprising a 12 voit battery and low 
wattage (1-3 watts) bulb between starter feed 
terminal and solenoid body. The lamp should 
light, Fig. 8. 


B. With both solenoid cables still disconnected, 
connect a new test circuit, Fig. 12B, this time 
with a high wattage (18-21 watts) bulb, 
switched by solenoid main terminals. Energise 
solenoid by applying 12 volts between spade 
terminal and starter feed terminal. The 
solenoid should be heard to operate and test 
bulb should light fully indicating closure of 
solenoid contacts. 
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Fig. 12B. Solenoid continuity check 


A — Battery Terminal 
B — Feed Terminal 
C — Spade Terminal 


Test 2. Voltage check at battery terminals (on 
load) : 


Connect a voltmeter directly between battery 
terminals, Fig. 12C. 


Operate starter with ignition off, i.e. disconnect 
positive terminal on ignition coil. Reading on } 
voltmeter should not be less than 10,5 volts. yays 





Fig. 12C. Testing load on battery terminal 
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26 111 


(cont'd) 


Test 3. Voltage Check at Starter Main 
Terminal (on load) 


Connect a voltmeter between the starter main 
terminal and the body of the starter, Fig. 13. 


Operate starter with ignition off. A reading of not 
more than O,5 volts lower than the readings 
obtained at the battery should be registered. IF A 
GREATER VOLTAGE DROP |S PRESENT THEN 
THE CIRCUIT BETWEEN THE BATTERY AND 
STARTER TERMINAL MUST BE EXAMINED. 


Test 4. Voltage Drop in Main Insulated Line 
(on load) 


Connect a voltmeter between the battery positive 
terminal and the starter motor main feed terminal, 
Fig. 14. 


Operate starter with ignition off, for two or three 
seconds checking meter readings. Battery voltage 
should be indicated first and then drop to a value 
less than 0,5 volts. READINGS ABOVE THIS 
VALUE INDICATE A HIGH RESISTANCE IN THE 
LINE, PROCEED TO TEST 5. IF THE READING IS 
LESS THAN 0,5 VOLTS, PROCEED TO TEST 6. 


Test 5. Voltage Drop across Starter (Solenoid) 
Switch 


Connect a voltmeter between the two main ter- 
minal stud connections, Fig. 15. 


Operate the starter for two or three seconds with 
the ignition off and note the meter readings. 


Battery voltage should be indicated first and then a 
volt drop to a value less than O,5 volts, Fig. 15 IF 
NOT, CHECK FOR FAULTY SWITCH OR 
CONNECTIONS, IF THE READING IS O.K., THEN 
ANY HIGH RESISTANCE CAN BE DUE TO EITHER 
A LOOSE OR CORRODED TERMINAL. 





Fig. 13. Main terminal voltage check 


A — Inertia starter motor 
B — Pre-engaged starter motor 





Fig. 14. Testing voltage drop in main wiring 





Fig. 15. Testing voltage drop across starter solenoid switch 
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STARTING SYSTEM 





Test 6. Voltage Drop Check on Earth Line (on 
load) 


Connect a voltmeter between the battery negative 
(earth) terminal and the starter motor main casing, 
Fig. 16. 


With the ignition off, operate starter for two or 
three seconds. If the earth line is satisfactory the 
reading should be less than 0,4 volts. A reading of 
0,5 volts or more indicates a high resistance which 
is somewhere in the earth return side of the circuit. 


Test 7. Battery Earth Connection — Check 


A high reading in Test 6. can be due to a dirty or 
loose connection in the battery earth cable either at 
the battery or at the points where the cable is 
fastened to the engine block. (a) Check to ensure 
that all connections are clean and tight: 


Clean and re-tighten where necessary and again 
carry out Test 6. 


26 204 STARTER MOTOR -— REMOVE 


AND INSTALL 


To remove 


1. Open hood, fit fender covers. 

2. Disconnect the negative (—) i.e. earth cable 
from the battery. 

3. On pre-engaged starters disconnect the 
Lucas solenoid terminal. 

4. Disconnect the positive (+) main starter feed 
cable from the starter motor terminal (starter 
motor type M35J) or the solenoid on the pre- 
engaged types. 

5. Unscrew the starter motor mounting bolts 

simultaneously releasing the starter motor 
earth cable. 
NOTE: The earth cable is attached to a starter 
mounting bolt with the exception of the 
M50G type starter which has an earth 
terminal. 


To Install 


NOTE: Before installing the starter motor, 
check the flywheel ring gear for excessive 
wear or damage. Clean the contact surfaces. 

6. Install the starter motor and secure it with 
the mounting screws. 

One mounting screw is used to attach the 
Starter earth cable on all starters except 
starter motor type M50G. 

7. Connect the starter positive cable to the 
starter terminal (inertia) or the solenoid 
terminal (pre-engaged). On starter motor type 
M50G connect the earth cable to the 
terminal on the commutator end cover. 

8. Connect the battery negative (—) earth cable. 

9. Remove fender covers, close hood. 
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Fig. 16 Testing voltage drop in earth line 





Fig. 17. Electrical connections on pre-engaged starter 
A — Main feed cable 


B — Loom wires 





Fig. 18. 


Starter motor securing bolts 
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26 204 8 STARTER MOTOR — 


OVERHAUL 


(Starter motor removed) 
Type: Lucas M35J Inertia Motor 
Special Service Tools Required: None 


To Dismantle 


ib 


Clamp starter motor in a vice fitted with 
protective soft jaws. Remove two fixing 
screws that hold drive-end plate to yoke, Fig. 
19 Guide armature, drive-end plate and drive 
assembly clear of yoke. 


Remove plastic cover from end of armature 
shaft. Remove four commutator end plate 
securing screws and carefully tap plate free of 
yoke. Lift commutator plate clear of yoke 
sufficiently to allow access to two field 
winding brushes, disconnect two brushes to 
allow complete removal of commutator end 
plate, Fig. 20. 


NOTE: Care should be taken not to damage 
commutator end plate gasket during removal. 


Remove nut, washer and insulator from main 
terminal stud, Fig. 21. Push stud and second 
insulator through commutator end plate, 
unhook two attached brushes from brush box, 
and remove stud and brushes complete. 


LUCAS 





Fig. 19. Removing drive-end plate 


A — Fixing screws 
B — Screwdriver 





Fig. 20. Lift commutator plate clear of yoke sufficiently to 


allow access to both field winding brushes 
A — Two field winding brushes 





Fig. 21. Removing brushes 


A — Insulator 
B — Terminal stud 


C — Brushes 
D — Insulator 
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Ca STARTING SYSTEM 


LUCAS 





4. To remove brush box drill out two rivets 
securing brush box to commutator end plate 
and remove brush box and gasket. 





Fig. 22. Brush box and commutator end plate 


A — Brush box C — insulation gasket 
B ~ Brush springs D — Commutator end plate 


5. Using a suitable adaptor in a press, Fig. 23, 
remove drive pinion assembly by compress- 
ing spring and removing ‘C’ clip from arm- 
ature shaft. Remove main drive pinion 
assembly from armature shaft. 


6. Separate drive-end plate and armature by 
guiding armature shaft free of end plate. 


7. Checking components. 


After dismantling motor, examine com- 
ponents for wear or damage and replace as 
necessary. 


A. Brushgear 


Check for sticking brushes. If necessary, 
clean brushes and brush box moulding with a 
petrol-moistened cloth. 

Check brushes for wear. Brushes worn to 
approximately 8 mm (0,32 in) should be re- 
newed, as a set. 





Fig. 23. Removing drive pinion 


A — Press spindle D — Drive pinion 
B — Adaptor E — Armature shaft 
C -‘C’ clip 
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Two of the brushes are serviced complete 
with commutator end plate terminal but field 
winding brushes will need soldering to 
Original brush-leads, which should be cut 
about 6 mm (0,25 in) from field winding 
conductor. Note arrangement of short and 
long brush-leads (see Fig. 24) and ensure a 
perfect soldered joint to maintain the correct 
length. 


Check brush spring pressure, renew if 
suspect. Spring pressure should be 7.80 N 
(28 ozf or 0.8 kgf) approximately. 


NOTE: Brush springs are not serviced 
individually. If an incorrect spring pressure 
reading is obtained, brush box assembly 
should be renewed. 


Check insulation between brush springs and 
terminal post by connecting a 110 volts a.c. 
15-watt test lamp, between a clean 
unpainted part of end plate and each of 
springs in turn and then between end plate 
and terminal post. Test lamp should not light, 
Fig. 25. 


Armature 


Face of commutator should be clean and free 
from burnt spots. Clean commutator with a 
petrol-moistened cloth and, if necessary, use 
fine glass paper to remove burnt spots. 


NOTE: This should be done prior to cleaning 
with petrol-moistened cloth. Do not use 
emery cloth. 


NOTE: If it is considered necessary to skim 
the commutator, the minimum thickness 
must never be below 2 mm (0,080 in). 


Skimming operation should be followed by 
polishing commutator surface with fine glass 
paper, then wipe clean with a petrol- 
moistened cloth. 


DO NOT UNDER-CUT THE INSULATION 
SLOTS. 


Armature insulation can be checked by 
connecting a 110 V a.c. 15-watt test lamp 
between a commutator and shaft. Lamp 
should not light, see Fig. 26. 


Short-circuited armature windings can 
normally only be detected by the use of 
specialised armature testing equipment. If 
this equipment is not available, the only 
alternative is to check the armature by 
substitution. 


If armature laminations have been in contact 
with pole pieces, armature bearings are 
probably excessively worn. First check that 
pole pieces are tight and that armature runs 
true in a lathe. Then if necessary renew 
armature bearings, refer to sub op. 7 ‘D’. 
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Fig. 24. Cutting brush leads 


A — Wire cutters D — Cut 6 mm (0.25 in) 
B — Short brush lead from conductor 
C — Long brush lead 





Fig. 25. Checking brush spring insulation 
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Fig. 26. Testing armature insulation 
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Yoke and Field Winding Assembly 


Inspect field winding in-situ for obvious signs 
of a fault. A visual indication of a breakdown 
in field winding insulation will eliminate need 
for testing and field winding must be 
renewed. 


Providing field winding insulation appears to 
be satisfactory, and providing starter has 
been sufficiently dismantled to enable 
earthed-end of field winding to be inspected, 
check continuity between field winding 
brushes and flexible link connection to yoke, 
Fig. 27. Check for a firmly rivetted connection 
between flexible link and yoke. 


lf there are no obvious signs of a field 
winding fault, disconnect earthed-end of field 
winding to enable a positive field winding 
insulation test to be carried out. 


After disconnecting earthed-end of field 
winding at yoke (not the hot-pressed joint 
between field winding and flexible link), carry 
out a positive test of field winding insulation 
by connecting a 110 volts a.c. 15-watt test 
lamp between disconnected end of winding 
and a clean unpainted part of yoke. Test lamp 
should not light. Ensure neither of the 
brushes or bare part of their leads are con- 
tacting yoke during test. 


A field winding continuity test is unnecessary 
in the case of full-dismantling, where it is 
possible to inspect joints at both ends of field 
winding. 


Field winding replacement. 


Disconnect earthed-end of winding at yoke 
by drilling out riveted connection. Alterna- 
tively, end of rivet can either be filed or 
ground away and rivet then tapped from 
yoke. 


Slacken four pole-piece retaining screws. 
Remove two of these screws from a 
diametrically opposite pair of pole-pieces and 
remove pole-pieces from yoke. Providing 
remaining pair of pole pieces are sufficiently 
slackened, field winding can be slid out from 
beneath shoulders of in-situ pole-pieces and 
withdrawn from yoke. 


When working on Lucas starter motors 
special tools CP9504 and CP9509 can be 
used to assist in pole piece/field winding 
replacement as shown in Fig. 28. 


Clean yoke and insulating piece which 
separates field winding brush-joint from yoke. 
Loosely fit new field winding and two pole- 
pieces in yoke and position insulation piece 
between brush-joint and yoke. Tighten the 
pole-piece screws evenly to a torque of 
40.70 Nm (30 Ibf.ft) and make a good riveted 
connection between earth-end of winding 
and yoke. 
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Fig. 27. Testing field winding continuity 





Fig. 28. Removing pole screws 
A — Pole screw 
B — Pole piece expander (CP9509) 
C — Pole piece screwdrive (CP9504) 





Fig. 29. Yoke assembly 


A — Pole pieces D — Insulator 
B —Field brushes E — Yoke 
C — Field windings F — Pole Screw 
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Bearings 


The bearing bushes in both end plates are 
self-lubricating porous bronze. 


New bushes must be completely immersed in 
clean engine oil, (SAE 30/40 grade) for at 
least 20 min. before being fitted. 


Bushes must not be reamed after fitting, 
otherwise self-lubricating qualities will be 
impaired (A _ special fitting mandrel is 
required, refer below). 


Renew bushes when excessive side-play of 
armature shaft is evident. Fouling of pole- 
pieces by armature, or inefficient operation of 
starter, is likely to occur when inner diameter 
of bushes exceeds following dimensions: 
commutator end plate bush 11,20 mm (0,44 
in) drive end plate bush 19,15 mm (0,75 in). 


Bush in commutator end plate should be 
removed by carefully tapping out, using a 
mandrel ensuring that the end plate is well 
supported, Fig. 30. 


NOTE: The commutator end plate may 
incorporate a bearing felt seal and retaining 
plate, Fig. 31, in which case it will be 
necessary to remove two rivets securing 
these parts to the plate, before bearing bush 
can be renewed. A service replacement 
bearing kit, includes new rivets. 


Bush in drive end plate can be tapped out 
with a mandrel, after supporting the plate. 


New bushes should preferably be pressed 
into position, but alternatively can be tapped 
into position, using a shouldered mandrel 
with fitting pin dimension polished to the 
following diameters: 


Commutator end plate bush 11,117 mm 
(0,4377 in). 


Drive end plate bush 19,042 mm (0,7497 in). 
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Fig. 30. Removing commutator end bearing bush 
A — Manarel 
B — Commutator end plate 


Fig. 31. End plate assembly 
A — Commutator end plate 
B — Felt seal 
C — Bearing 
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To Assemble 


8. 


10. 


11. 


12. 


Slide drive end plate onto armature shaft. 
Assemble drive pinion assembly to armature 
shaft. Replace main cushion spring and 
spring cup, compress spring and fit ‘C’ clip. 


Position brush box gasket on commutator 
end plate, align brush box into position on 
gasket, Fig. 32, and rivet brush box to 
commutator end plate. 


Fit main terminal stud and insulator bush 
through aperture in commutator end plate. 
Secure stud with second insulator, washer 
and nut. Fit two brushes, that are attached to 
stud, into their respective channels in brush 
box, Fig. 33. 

Place two field winding brushes in their 
respective channels in brush box, Fig. 33, 
align commutator end plate to yoke and 
secure plate with four screws. Clip plastic cap 
onto commutator end plate. 


Guide armature assembly through yoke so 
that armature shaft slides into bush in 
commutator end plate. Match alignment 
notches in yoke and drive end plate, Fig. 34. 
Secure end plate to yoke with two fixing 
Screws. 


LUCAS 





Fig. 32. Brush box and commutator end plate 
A — Brush box 
B — Brush spring 
C — Insulator gasket 
D — Commutator end plate 





Fig. 33. Position brushes as shown 
A — Brush-to-field-winding leads 





Fig. 34. Align location notches 
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26 204 8 STARTER MOTOR — 
OVERHAUL 
(Starter motor removed) 


Includes: check components 
for wear/damage, replace if 
required, refinish commutator 
and test. 


Type: Lucas 5M90 Pre- 
engaged 
Special Service Tools Required: 


Pole-piece screwdriver — CP9504 





Pole-piece expander — CP9509 


To Dismantle Fig. 35. Removing star retaining clip 
A — Star washer 
1. Clamp starter motor in a vice fitted with B — Armature shaft 
protective soft jaws. Remove plastic cap from C — Chisel 


commutator end plate. 


2. Remove ‘star’ retaining clip from end of 
armature shaft. To remove clip, position a 
small chisel at an angle of 45° to the 
armature shaft, Fig. 35, and carefully distort 
prongs of star clip until clip can be removed, 
discard clip after removal. 


3. Disconnect and remove connector link from 
main feed terminal and solenoid by removing 
two retaining nuts and washers. Remove two 
two solenoid securing nuts and washers and 
guide solenoid yoke away from drive-end 
housing, Fig. 36. 


Unhook solenoid armature from actuating 
lever in drive-end housing by moving 
upwards and away from actuating lever. 





Fig. 36. Unhook solenoid from actuating arm as solenoid is 
removed 


A — Solenoid securing studs 
B — Rubber seal 


4. Remove two drive-end housing securing 
screws and guide housing and armature 
assembly clear of yoke. 


5. Guide armature from drive-end housing sim- 
ultaneously unhooking actuating arm from 
drive pinion assembly, Fig. 37. 





AIS. , 


Fig. 37. Unhook armature from actuating arm as armature is 
guided clear of drive-end housing 
A — Armature 
B — Actuating arm 
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6. Remove rubber block and neoprene seal/ 
sleeve from drive-end housing, Fig. 38. 





Fig. 38. Positions of seals 


A — Drive-end housing 
B — Neoprene seal/sleeve 
C — Rubber block 


7. Drive actuating arm pivot pin from drive-end 
housing, Fig. 39. The pin retaining star clip 
will distort under pressure and allow removal 
of pin. 


Discard star clip and remove actuating arm 
from housing. 





Fig. 39. Removing pivot pin 
A —Small metal drift 
B — Star clip 
C — Pivot pin 


8. To remove drive pinion assembly from arma- 
ture shaft, use a suitably dimensioned tube to 
separate thrust collar from ‘C’ clip, Fig. 40. 


Remove ‘C’ clip from its groove and slide 
thrust collar and drive pinion assembly off 
armature shaft. 


NOTE: Do not grip the one-way clutch in a 
vice whilst carrying out this operation as it 
will be damaged. 


The drive pinion and clutch are serviced as a 
complete unit as repairs to the unit are 








impractical. 
L/26/23 
Fig. 40. Slide thrust collar down armature shaft using a 
suitably dimensioned tube, ‘A’ 
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Remove four commutator end plate securing 
screws and carefully tap plate free of yoke. 
Lift commutator plate clear of yoke 
sufficiently to allow access to two field 
winding brushes, Fig. 41, disconnect two 
brushes from brush box to allow complete 
removal of commutator end plate. 


NOTE: Care should be taken not to damage 
gasket as commutator end plate is removed. 


Remove nut, washer and insulator from main 
terminal stud. Push stud and second insulator 
through commutator end plate, unhook two 
attached brushes from brush box, and remove 
stud and brushes complete. 


To remove brush box drill out two rivets 
securing brush box to commutator end plate, 
Fig. 42, and remove brush and gasket. 


Checking components 


After dismantling motor, examine com- 
ponents for wear or damage and replace as 
necessary. 


Brushgear 


Check for sticking brushes. If necessary, 
clean brushes and brush box moulding with a 
petrol-moistened cloth. 


Check brushes for wear. Brushes worn to 
approximately 8 mm (0,32 in) should be 
renewed, as a set. 


Fig. 42. Drilling out brush box securing rivets 


STARTING SYSTEM 





Fig. 41. A—Field winding brushes 
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Two of the brushes are serviced complete 
with commutator end plate terminal but field 
winding brushes will need soldering to 
Original brush-leads, which should be cut 
about 6mm (0,25in) from field winding 
conductor. Note arrangement of short and 
long brush-leads, Fig. 43, and ensure a 
perfect soldered joint to maintain the correct 
length. 


Check brush spring pressure, renew if 
suspect. Spring pressure should be 7,80 N 
(28 oz.f or 0,8 kg.f) approximately. 


NOTE: Brush springs are not serviced 
individually. If an incorrect spring pressure 
reading is obtained, brush box assembly 
should be renewed. 





Fig. 43. Cutting long brush lead 


Check insulation between brush springs and A —Wire cutters D — Long brush lead 
terminal post by connecting a 110 volts a.c. B — Short brush lead 

15-watt test lamp, between a clean C —Cut 6 mm (0,25 in) 

unpainted part of end plate and each of from conductor 


springs in turn and then between end plate 
and terminal post. Test lamp should not light, 
Fig. 44. 


B. Armature 


Face of commutator should be clean and free 
from burnt spots. If necessary remove any 
burnt spots using fine glass paper. (Do not 
use emery cloth), and then clean commutator 
with a petrol-moistened cloth. 


lf it is considered necessary to skim the 
commutator, the minimum thickness must 
never be below 2 mm (0,080 in). 





Skimming operation should be followed by Fig. 44. Checking brush spring insulation 
polishing commutator surface with fine glass 

paper, then wipe clean with a petrol- 

moistened cloth. 


DO NOT UNDER-CUT THE INSULATION 
SLOTS. 


Armature insulation can be checked by 
connecting a 110 volts a.c. 15-watt test lamp 
between a commutator segment and shaft. 
Lamp should not light, see Fig. 45. 


Short-circuited armature windings can 
normally only be detected by the use of 
specialised armature testing equipment. If 
this equipment is not available, the only 
alternative is to check the armature by 
substitution. 


lf armature laminations have been in contact 
with pole-pieces armature bearings are 
probably excessively worn. First check that 
pole-pieces are tight and that armature runs 
true in a lathe. 





F/26/75 


Fig. 45. Testing armature insulation 
Then, if necessary, renew armature bearings 
refer to sub-operation ‘D’ on page 27. 
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C. Yoke and Field Winding Assembly 


Inspect field winding /n situ for obvious signs 
of a fault. A visual indication of a breakdown 
in field winding insulation will eliminate need 
for testing and field winding must be 
renewed. 


Providing field winding insulation appears to 
be satisfactory, and providing starter has 
been sufficiently dismantled to enable 
earthed-end of field winding to be inspected, 
check continuity between field winding 
brushes and flexible link connection to yoke, 
Fig. 46. Check for a firmly riveted connection 
between flexible link and yoke. 





F/26/88 

If there are no obvious signs of a field 

winding fault, disconnect earthed-end of field Fig. 46. Testing field winding continuity 
winding to enable a positive field winding 

insulation test to be carried out. 


After disconnecting earthed-end of field 
winding at yoke (not the hot-pressed joint 
between field winding and flexible link), carry 
out a positive test of field winding insulation 
by connecting a 110 volts a.c. 15-watt test 
lamp between disconnected end of winding 
and a clean unpainted part of yoke. The lamp 
should not light. Ensure neither of the 
brushes or bare part of their leads are 
contacting yoke during test. 


A field winding continuity test is unnecessary 
in the case of full-dismantling, where it is 
possible to inspect joints at both ends of field 
winding. 


Field winding replacement 





Disconnect earthed-end of winding at yoke 

by drilling out riveted connection. Alterna- Fig. 47. Removing pole screws 

tively, end of rivet can either be filed or A — Pole screw 

ground away and rivet then tapped from B — Pole-piece expander (CP9509) 
yoke. C — Pole-piece screwdriver (CP9504) 


Slacken four pole-piece retaining screws. 
Remove two of these screws from a dia- 
metrically opposite pair of pole-pieces and 
remove pole-pieces from yoke. Providing 
remaining pair of pole-pieces are sufficiently 
slackened, field winding can be slid out from 
beneath shoulders of jn situ pole-pieces and 
withdrawn from yoke. 


When working on Lucas starter motor Special 
Tools CP9504 and CP9509 can be used to 
assist in pole-piece/field winding replace- 
ment, as shown in Fig. 47. 


Clean yoke and insulating piece which 
separates field winding brush-joint from yoke. 
Loosely fit new field winding and two pole- 
pieces in yoke and position insulation piece 
between brush-joint and yoke. Tighten the 
pole-piece screws evenly to a torque of Fig. 48. Yoke assembly 

40,70 Nm (30 Ibf.ft) and make a good riveted A — Pole-pieces D — Insulator 


connection between earth-end of winding B — Field brushes E — Yoke 
and yoke. C—Field windings =F — Pole screw 
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Bearings 


The bearing brushes in both end plates are 
self-lubricating porous bronze. 


New bushes must be completely immersed in 
clean engine oil, (SAE 30/40 grade) for at 
least 20 min. before being fitted. 


Bushes must not be reamed after fitting, 
otherwise self-lubricating qualities will be 
impaired. (A special fitting mandrel is 
required, refer to last paragraph.) 


Renew bushes when excessive side-play of 
armature shaft is evident. Fouling of pole- 
pieces by armature, or inefficient operation of 
starter, is likely to occur when inner diameter 
of bushes exceeds following dimensions: 
commutator end plate bush 11,20 mm 
(0,44 in); drive end plate bush 19,15mm 
(0,75 in). 


Bush in commutator end plate should be 
removed by carefully tapping out, using a 
mandrel ensuring that the end plate is well 
supported, Fig. 49. 


NOTE: The commutator end plate may 
incorporate a bearing felt seal and retaining 
plate, Fig. 50. in which case it will be 
necessary to remove two rivets securing 
these parts to the plate, before bearing bush 
can be renewed. A service replacement 
bearing kit includes new rivets. 


Bush in drive end plate can be tapped out 
with a mandrel, after supporting the plate. 


New bushes should preferably be pressed 
into position, but alternatively can be tapped 
into position, using a shouldered mandrel 
with fitting pin dimension polished to the 
following diameters: 


Commutator end plate bush 11,117 mm 
(0,4377 in). 


Drive end plate bush 
(0,7497 in). 


19,042 mm 


To Assemble 


1S. 


14. 


1S, 


Position brush box gasket on commutator 
end plate, align brush box into position on 
gasket, rivet brush box to commutator end 
plate. 


Fit main terminal stud and insulator bush 
through aperture in commutator end plate. 


Secure stud with second insulator, washer 
and nut, Fig. 51. Fit two brushes, that are 
attached to stud, into their respective 
channels in brush box. 


Place two field winding brushes in their 
respective channels in brush box, align 
commutator end plate to yoke and secure 
plate with four screws. 





Fig. 49. Removing commutator end bearing bush 


A — Mandrel 
B — Commutator end plate 





Fig. 50. End plate assembly 


A — Commutator end plate 
B — Felt seal 
C — Bearing 





Fig. 51. Insulator assembly 


A — First insulator 
B — Terminal stud 


C — Second insulator 
D — Nut and washer 
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16. 
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18. 


19. 


204 8 (cont'd) 


Slide drive pinion assembly and thrust collar 
onto armature shaft. Fit ‘C’ clip into its groove 
in armature shaft and then draw thrust collar 
over 'C’ clip, Fig. 52. 


Position actuating arm in drive end housing 
and locate with pivot pin. Retain pivot pin 
with a new Star clip. 


Hook neoprene seal/sleeve over actuating 
arm and position in drive end solenoid 
mounting housing. Position rubber block. 


Guide armature assembly into drive end 
housing, at the same time couple actuating 
arm into locating lugs on drive pinion 
assembly, Fig. 53. 





Fig. 52. A — Standard two-leg puller 
B — Thrust collar 
C — Drive pinion assembly 
D — Armature 





Fig. 53. Armature assembly in drive end housing 


A — Armature 
B — Actuating arm 
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20. 


23 


22. 


23. 


24. 


Guide armature and drive end housing 
assembly through yoke and align armature 
shaft with commutator plate end bush. 


Match alignment notches in yoke and drive 
end housing, Fig. 54, and secure yoke and 
housing with two fixing screws. 


Fit a new star clip onto end of armature shaft, 
Fig. 55. 


NOTE: Ensure that star clip is pressed home 
firmly to eliminate any end-float in the 
armature. Refit plastic cap over star clip and 
armature shaft end. 


Locate solenoid armature onto actuating arm. 
Guide solenoid yoke over solenoid armature, 
locate yoke securing studs through drive end 
housing and secure with two nuts and 
washers. 


Refit connector link between solenoid and 
main feed terminal and secure with nuts and 
washers, Fig. 56. 





Fig. 54. Match alignment notches 





Fig. 55. Fit new star clip onto armature shaft 


A — Armature shaft 





Fig. 56. Secure ‘A’, connector link, to solenoid and main 


terminal 
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26 204 8 STARTER MOTOR — 


OVERHAUL 

(starter motor removed) 
Includes: check components 
for wear/damage, replace if 
required, refinish commutator 
and test 

Type: Lucas M50G 
Pre-engaged 


Special Service Tools Required: None 


To Dismantle 


ls 


Remove copper link which connects solenoid 
terminal S2 to yoke terminal, Fig. 57. 


Disconnect flexible link connecting solenoid 
terminal S1 to indexing field coil inside yoke. 


Remove solenoid securing nuts and spring 
washers. Withdraw solenoid complete with 
gasket from drive end cover, Fig. 58. The 
plunger can be removed from drive engage- 
ment lever, by lifting it at front end, to dis- 
engage it from fork at top of drive 
engagement lever. 


Remove two recess screws from outer face of 
commutator end cover. The screws secure 
the brushgear assembly to inner face of 
commutator end cover; sealing washers are 
fitted to screws on the fully sealed starter. 
Remove through bolts complete with spring 
washer, locking washer and rubber seal 
(when fitted), Fig. 59. 





Fig. 57. Solenoid terminal to yoke terminal copper link 





Fig. 58. Withdrawing solenoid from drive end cover 





Fig. 59. Commutator end cover, recess screws and through 
bolts 
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5. Remove foam rubber block which is wedged 
between drive end cover solenoid mount and 
yoke, Fig. 60. 


6. Using a wire hook pull back brush springs 
and slide brushes out of their holders. 
Remove yoke from drive end cover and 
armature. To renew earthed brushes place a 
hot soldering iron on rolled over contact 
holding brush flexible joint. When solder is 
molten, using a small screwdriver, prise up 
metal suffiently to allow removal of old brush 
lead. Insert new brush lead and solder it in 
place, Fig. 61. 


7. Cut worn field coil brushes as near as 
possible to field coil conductor, Fig. 62. 





TRI26/104 


Fig. 60. Removing foam rubber block 





TR/26 /105 we 


Fig. 61. Using soldering iron to solder new brush lead into 
place 
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Fig. 62. Cutting field coil brush away from field coil conductor 
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Carefully prise field coil conductors away 
from yoke to provide sufficient space to 
solder new brushes in position. Separate two 
brush flexibles and position them on either 
side of conductor. Using a pair of long nosed 
pliers pinch flexibles and conductor together 
and bend brush over edge of yoke to help 
hold brush flexible during soldering. Solder 
each of the field coil replacement brushes in 
this way. Fig. 63. 


Before disturbing original fitting of field coils 
in yoke pay particular attention to following, 
Fig. 64. 


The close forming of field coil conductors to 
yoke to ensure adequate clearance for 
armature. Also the forming of conductors 
around two through bolts. 


The build up of insulators, washers and seals 
on yoke terminal, Fig. 65. 


STARTING SYSTEM 








Fig. 63. Soldering field coil brush into position 





Fig. 64. Yoke assembly 
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Fig. 65. Yoke terminal washer and seal assembly 
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A minimum clearance of 10,3 mm (0,4 in) 
between the edge of the field coil assembly 
and the end face of the yoke, Fig. 66. 


The position of the insulators between the 
yoke and the field coil conductors. 

If the above points are observed the 
replacement of field coil assemblies will be 
straightforward and uncomplicated. 

To remove old field coils insert pole piece 
expander tool and unlock pole piece retaining 
screws using screwdriver. Replace field coils 
loosely in yoke, insert yoke terminal and 
loosely fit new pole piece retaining screws to 
locate pole pieces. Position new insulators 
between yoke and field coil conductors. Insert 
pole piece expander and using pole piece 
screwdriver tighten screws to a torque of 28 
Nm 2,8 kgf.m (20 Ibf.ft). The yoke terminal 
fixing nut should be torqued to 3 Nm 0,3 
kgf.m (2.0 Ibf.ft). 


The sealing ring between yoke and inter- 
mediate bracket should be removed, from its 
retaining groove in bracket, Fig. 67. 


Unscrew eccentric pivot pin from side of drive 
end cover, Fig. 68. 





Fig. 66. Arrows indicate minimum clearance to be between 


edge of field coil and end face of yoke 





Fig. 67. Removing sealing ring 





Fig. 68. Removing the eccentric pivot pin 
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12. The assembly comprising drive end cover, 
drive engagement lever, armature complete 
with roller drive clutch and pinion and 
intermediate bracket can now be dismantled, 
Fig. 69. 





TR/261113 


Fig. 69. Starter motor assembly 


13. On fully sealed version, separation of drive 
end cover and intermediate bracket will 
reveal two small sealing washers, which 
locate in counterbores of through bolt holes 
in drive end cover. A further washer will be 
found on locating dowel in drive end cover. 
Ensure these washers are not mislaid. 





Fig. 70. Drive end cover 


14. The drive pinion/roller clutch assembly, Fig. 
71, is removed from armature by driving off 
thrust collar using a suitable tube or box 
spanner. Remove ‘C’ clip and slide off pinion 
assembly. The intermediate bracket can be 
removed at this stage, but note that shims 
between intermediate bracket and armature 
core determine armature end float 0,63 mm 
(0,025 in) therefore they must be retained. 





TR/26/115 


Fig. 71. Drive pinion/roller clutch assembly shown away from 
armature —, 
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Starter motor components test 


Check condition of the armature windings and insulation as described for starter motor type A. 

Due to very low resistance of field coils and method of interconnecting conductors, continuity of field coils 
and presence of a short-circuit between windings can only be determined by using special equipment. The 
field coils should be visually inspected /n situ for signs of obvious faults. Check various joints of field coil 
assembly and look for discolouration of winding insulation tape, which could indicate short-circuit windings. 
A suspected fault in field coil assembly is best checked by substitution. 

The brush gear insulation check should be carried out as described for starter motor type A. Only two 
insulated brush holders need be tested for isolation from brush plate. 

Check starter solenoid for satisfactory closing of first and second stage contacts associated with terminals $1 
and $2. Disconnect terminal S1 and apply a 12 volt battery supply between solenoid ‘Lucar’ terminal and 
earth (starter motor body). 

Using an ohmmeter or battery operated test lamp connect one lead to solenoid main terminal (the largest 
one) and connect other lead alternately to terminals S1 and S2. If a zero reading shows on ohmmeter, or test 
lamp lights the solenoid contacts are satisfactory. 

If the fault lies in the solenoid coils the solenoid plunger will either fail to pull in, or hammer in and out. If the 
plunger pulls in but the main terminal to S1 or S2 contact is not made then the solenoid contacts are at fault. 
These can be changed as described in the overhaul. 


15. Sf tests indicate that solenoid contacts are 

faulty it is possible to renew them without 
replacing the whole solenoid unit. 
Remove two screws securing terminal and 
base assembly to solenoid body. Apply a hot 
soldering iron alternately to each of the two 
soldered connections and wait for solder to 
run free. Shake most of the melted solder out 
of the joints by tapping solenoid terminal 
ends down on work bench. Carefully clamp 
solenoid body in a vice and, while continually 
pulling on the moulded cover, apply soldering 
iron alternately to two soldered connections 
until terminal and base assembly is freed. 
When re-making soldered connections, avoid 
dry soldered joints by ensuring that parts are 
clean and adequately heated before applying 
solder. Tighten terminal and base assembly 
fixing screws to a torque of 3 Nm 0,3 kgf.m 
(1.8 Ib.ft). 


16. Examine surface of the commutator, Fig. 72, 
it should be clean and free from burnt spots. 
lf necessary restore surface with fine glass 
paper followed by wiping and a petrol 
moistened cloth. The commutator may be 
skimmed to a maximum depth of 1,5 to 
3,0 mm (0,060 to 0,120 in) on the dia. before 
a replacement armature become necessary. 
After skimming, the surface should be 
polished as mentioned above. The 
insulation slots must not be under cut. 


lf there are signs of thrown solder or the 
conductors have lifted the motor has 
probably been overspeeding. Check operation 
of roller clutch drive. It should rotate 
smoothly in one direction and provide 
instantaneous take-up in the other. If the Fig. 72. Commutator 
clutch shows any sign of malfunction it will 

have to be replaced complete with pinion as 

an assembly. 
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17. 


18. 


20. 


lf the armature fouls the pole shoes it 
indicates worn bearings, loose pole shoes or 
the armature shaft is distorted. Check the 
armature in a lathe. If it is distorted it must be 
renewed. 

lf the armature is satisfactory the bearings in 
the drive end cover, intermediate plate and 
commutator end cover must be renewed. All 
three bearings are self lubricating porous 
bronze bushes, Fig. 73. New bushes should 
be allowed to stand in clean engine oil for 24 
hours at room temperature before fitting. 
Alternatively the time may be reduced to 2 
hours if the oil is heated to 100°C and 
allowed to cool before removal. Bushes must 
not be reamed after fitting. 

The commutator end cover bush should be 
replaced when its diameter exceeds 12,82 
mm (0,505 in). It can best be removed by 
inserting 14,30mm (0,563 in) thread tap. 
Then withdraw the thread tap and the bush 
will be drawn out. The bushes in the drive 
end cover and intermediate bracket can be 
removed by conventional press techniques. 
All three replacement bushes should be 
pressed or driven into position in their re- 
spective housings using a _ shouldered 
polished mandrel dimensioned as follows: 
Commutator end cover bush 

12,712 mm (0,5005 in) 

Intermediate bracket bush 

31,054 mm (1,1226 in) 

Drive end cover bush 

17,030 mm (0,6705 in) 


Fit the intermediate bracket and drive 
assembly to the armature, ensure that the 
shims are fitted between the armature core 
and intermediate bracket. Fit the thrust collar 
and ‘C’ clip. 


~~ 


r* th: 


Fit the three rubber seals to the drive end 
cover and locate the drive engagement lever 
in its groove in the clutch assembly. Slide the 
drive end of the armature into the drive end 
cover, locate the dowel pin in the drive end 
cover into the hole in the intermediate 
bracket. 


Slide the yoke over the armature onto the 
drive end cover/intermediate plate assembly, 
Fig. 74. Locate the dowel and check for 
sufficient clearance between armature and 
field coil conductors, particularly at through 
bolt entry points. 





Fig. 73. Commutator end cover, Intermediate bracket and 


drive end cover bushes 


Fig. 74. Locating yoke over the armature 








January 1978 


FORD TRANSIT '78 ONWARDS: 


SECTION 26-36 





STARTING SYSTEM 





21. Commence re-assembly of brush plate. Slide 
earth brushes into their holder and wedge the 
springs against sides of the brushes, Fig. 75. 


TRI26/119 





Fig. 75. Brush plate assembly 


22. Examine brake and thrust washers in com- 
mutator end cover. If they are in order re- 
assemble them as shown, Fig. 76. 





TR/26 / 120 


Fig. 76. Commutator end cover 


23. Bring brush holder assembly near the yoke 
and fit the two insulated field coil brushes. Fit 
rubber seal on commutator end cover. Push 
the brushes through their holders against 
commutator face, Fig. 77, the brush springs 
will slip into position behind brushes. Ensure 
that springs are correctly aligned, and that all 
brush leads are suitably positioned to allow 
end cover to be fitted. Align the cross peg on 
the armature with end cover brake s/ots and 
fit end cover onto yoke taking care to line up 
dowel pin. Fit through bolts after the brush 
plate to end cover bolts are fitted. 





Fig. 77. Pushing brushes through holders 
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24. 


25. 


Screw in eccentric drive engagement lever 
pivot pin, Fig. 78, but do not tighten it yet. 
Slide foam rubber block into position 
between yoke and drive end cover solenoid 
mount. Engage solenoid plunger with the 
drive engagement lever. Fit return spring onto 
lip on the solenoid body and fit the solenoid 
over the plunger into position on drive end 
cover mount. Secure solenoid mount fixing 
nuts and connect flexible index field coil lead 
to solenoid terminal S1. Connect the copper 
link between solenoid terminal 2S and yoke 
terminal. 


The position of the pinion must be set after 
assembly of the starter. To set the pinion 
connect a 6 volt supply between the solenoid 
(‘Lucar’) terminal and the starter frame or 
earth terminal. 

This will move the drive foward to the fully 
engaged position. With the pinion lightly 
pressed back measure the space between the 
front of the pinion and the thrust collar on the 
armature shaft. This should be 0,40— 
0,63 mm (0,015 in to 0.025 in). 


The clearance can be set by unscrewing the 
locknut around the eccentric pivot pin and 
turning the eccentric pin. The total 
adjustment range is covered in a 180° turn of 
the pin, and the centre of this range is 
denoted by an arrow head cast into the drive 
end cover above the eccentric pin. When 
adjusting the pinion position first apply 
Loctite (Screw Lock) to the threads of the 
pivot pin. Turn the pivot pin until correct 
adjustment of the pinion is obtained with the 
arrow head on the pivot pin within 180° of 
the drive end cover arrow. After adjustment 
secure the pinion setting by tightening the 
pivot pin lock nut to a torque of 22 Nm 
2,2 kgf.m (16.0 Ibf.ft). 





Fig. 78. Eccentric drive lever pivot pin 





January 1978 


FORD TRANSIT ‘78 ONWARDS: SECTION 26-38 





STARTING SYSTEM 





26 204 8 STARTER MOTOR - 
OVERHAUL 
(starter motor removed) 
(includes: check components 
for wear/damage, replace if 
required refinish commutator, 
test) 
Type: Lucas 2M100 
Pre-engaged 


Special Service Tools Required: 
Pole-Piece screwdriver CP9504 
Pole-Piece expander CP9509 


1. Clamp starter motor in vice fitted with 
protective soft jaws. Remove nut and washer 
securing starter terminal to solenoid terminal 
marked STA, Fig. 79. 


2. Remove solenoid nuts and washers securing 
body to drive end cover. The solenoid body 
can then be removed leaving plunger hooked 
to actuating lever. Unhook plunger by 
pushing in and lifting front upwards, Fig. 80. 





Fig. 79. Disconnecting starter terminal 





Fig. 80. Unhook solenoid from actuating arm 


A — Seal 
B — Solenoid 


3. To remove commutator end housing the spire 
retaining clip fitted over end of armature shaft 
must be removed. Ensure that a replacement 
clip is available, as only satisfactory way of 
removing clip is to break clip’s claws which 
grip shaft, with a sharp chisel. After removing 
clip unscrew ‘through’ bolts, commutator end 
housing can then be withdrawn far enough to 
allow removal of two field coil brushes, Fig. 
81. 





Fig. 81. Disconnecting two field brushes 


A — Field coil brushes 
B — Terminal brushes 
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4. Brushes should be replaced when worn to 
approximately 9,5 mm (0,375 in). 





L/26/38 & 


Fig. 82. Terminal brushes 
NOTE: Long and Short braiding 


5. To replace brushes on existing field coil, cut 
copper braiding of field coil brushes to leave 
about 6 mm (0,25 in) of braiding on either 
side of terminal, Fig. 83, Solder new brush 
leads to remaining braiding, ensuring that 
long and short leads are fitted correct way 
round. Replace end plate brushes complete 
with a new input terminal and rubber 
grommet. Brushes should move freely in 
brush box moulding. Sticking brushes can be 
eased by cleaning with a petrol moistened 
cloth. 


NOTE: When replacing field coils, new 
assembly will include field coil brushes 
already fitted. 





6. Withdraw armature and drive end housing 


Fig. 83. Be sure to cut braiding in correct place 
from yoke. 


A — Field coil brushes 
To remove actuating lever from drive end 
housing remove pivot pin. One of two 
methods of retaining pivot pin will be used. 
One type is a solid pin retained by a star clip. 
The other type is a hollow bore pin with the 
end ‘peaned’ over. To remove solid pin type 
drive actuating arm pivot pin from housing 
using a small metal drift. The retaining clip 
will distort under pressure and allow removal 
of pin. To remove hollow pin bend ‘peaned’ 
part of pin straight and drive pin from 
housing. 


7. To remove drive pinion, clutch assembly and 
engagement lever from armature shaft, it is 
necessary to remove ‘C’ clip, Fig. 84 ‘B’. 
Using a suitable sized box spanner or tube, 
drive ‘C’ clip off thrust collar, Fig. 84 ‘A’, and 
remove thrust collar from its groove. 





Fig. 84. Removal of 'C’ clip when removing drive pinion 


A — Thrust collar 
B —‘C’ clip 
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8. Slide complete assembly off armature shaft. 
There will normally be no need to separate 
actuating lever from clutch and pinion, as all 
items are serviced as an assembly. Correct 
build up of assembly is illustrated, Fig. 85. 


Starter motor components test 


All starter motor components are tested as for 
starter motor M90, but with addition of drive 
engagement solenoid. 


If a faulty solenoid is suspected it can be tested 
either by by-passing solenoid with a suitable piece 
of jumper cable, or substituted with one that is 
known to be in good order. 


When current is applied to solenoid ‘Lucar’ terminal 
drive pinion should be pulled sharply forward to ‘in- 
mesh’ position. If this happens, but starter motor 
does not develop cranking torque, then problem 
may be burnt or pitted solenoid contacts. These can 
be changed without replacing whole unit as 
described in overhaul procedure. 


Complete failure of solenoid to operate or 
hammering in and out of engagement, could be the 
result of solenoid coil failure. If this occurs it will be 
necessary to replace solenoid unit completely. 


9. Face of armature commutator should be 
clean and free from burnt spots. Surface 
marks can be removed using a flat pad of 
very fine glass paper, followed by wiping with 
a petrol moistened cloth. Where commutator 
is worn, surface may be skimmed to a 
maximum depth of 3,5mm (0,140in), the 
minimum cut consistent with a clean flat 
surface should be taken. After skimming, 
polish surface with very fine glass paper and 
wipe with a petrol moistened cloth. 


lf armature shows signs of thrown solder or 
lifting conductors, overspeeding may have 
taken place. Check that roller clutch, which is 
part of pinion assembly is free to rotate 
smoothly in one direction and _ provides 
instantaneous take up in other direction. 
Clutch is serviced as a complete assembly 
with pinion, if it is faulty. 


10. If armature laminations have been touching 
pole shoes, bearings in drive end cover and 
commutator end cover are probably worn. 
Check that pole shoes are tight, and that 
armature is running true and not distorted. 
Should armature be out of true it will have to 
be replaced. 


11. Armature bearings fitted in commutator end 
cover and drive end cover are self lubricating 
porous bronze bushes. Worn bushes can be 
pressed out and replacement bushes pressed 
into position using a shouldered, polished 
mandrel with dimensions as follows: 
Commutator end cover bush 11,117 mm 
(0,4377 in). 





Fig. 85. Actuating lever assembly 
A — Armature 
B — Actuating arm (fork) 
C — Shock spring 
D — Pinion and roller clutch assembly 





a 
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Drive end cover bush 12,011 mm 
(0,4729 in). New bushes must be completely 
immersed in clean engine oil for at least 24 
hrs. at room temperature before fitting. 
Alternatively if oil is heated to 100°C 
immersion time can be reduced to 2 hrs. 
providing the oil is allowed to cool before 
bushes are removed. 


Flat face of commutator end cover bush must 
be pressed home against cover face. 


12. Field coils should be visually inspected jn situ 
for signs of obvious faults. Check inter- 
connecting joints between coils, earthed 
connection of field winding where it is riveted 
to yoke, Fig. 87. Look for discolouration of 
winding insulation tape which could indicate 
short circuit windings or a short between 
winding and yoke. If there are no obvious 
signs of a fault, field coils should be tested as 
laid out in test procedure. (Starter motor type 
5MS90.) To change field coils remove rivet 
which attaches field coil earth lead to yoke. 
Insert pole shoe expander, Special Tool No. 
CP9509, and remove pole shoe screws, using 
pole-piece screwdriver Special Tool No. 
CP9504, Fig. 88. Wipe clean inside of yoke 
and insulating pieces in which through bolts 
locate. 





Fig. 86. Commutator end housing showing bearing — ‘A’ 


Loosely fit new field coil assemblies and pole 
shoes into yoke, with threads of new pole 
shoe fixing screws partially engaged. Through 
bolt insulating pieces should now be inserted 
into yoke, by sliding shoulders of insulator 
pieces between field coils and yoke in a 
position 180° apart and 90° each side of field 
coil brush connection point. Expand pole 
shoes using expander Special Tool No. 
CP9509, and tighten pole piece screws with ; . 
pole piece screwdriver to a torque of 40 Nm Fig..8.75, Check Cvettor. good. connection 
(30 Ibf.ft). Rivet field winding earth tab to A — Rivet 

yoke to make a good connection. 





13. To renew solenoid contacts remove two 
screws securing terminal and base to 
solenoid body. Apply a= soldering iron 
alternately to each of two. terminal 
connections and wait for solder to run free, 
then shake most of the solder out of joints by 
tapping two solenoid terminal ends down 
sharply on bench. Clamp solenoid body 
terminals uppermost, apply a constant pull on 
moulded cover and heat two _ soldered 
connections alternately, until terminal and 
base assembly is freed. Fit new base 
assembly complete with contacts, resolder 
two connections and tighten terminal and 
base assembly fixing screws to a torque of 
3 Nm 0,3 kgf.m (1,8 Ib.ft). 


14. To reassemble starter bring commutator end 
plate complete with starter terminal brushes 





close to yoke, to allow field coil brushes to be Fig. 88. Removing pole screws 

fitted in brushbox. Position brushwires A—Pole screw 

correctly so that they are free to move with B — Pole piece expander (CP9509) 
brushes and push commutator end plate into C — Pole piece screwdriver (CP9504) 


position on yoke. 
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15. 


16. 


17 A 


Fit pinion gear assembly onto armature shaft 
with pinion teeth furthest from armature 
windings, Fig. 89. Slide thrust collar over 
shaft and then drive ‘C’ clip onto shaft and 
into its groove, with a suitable size tube. 
Draw thrust collar over ‘C clip using a 
suitable puller. For completed assembly see 
Fig. 89. 


Fit thrust washer, Fig. 90, on commutator 
end of armature shaft and slide armature 
through yoke into commutator end plate. 
Drive new Spire retaining clip over armature 
shaft far enough to hold shaft. 


Fit drive end housing to yoke, Fig. 91, 
ensuring that solenoid mount is in line with 
starter terminal and secure it with through 
bolts. Fit actuating lever pivot pin and drive 
on new retaining clip. Alternatively ‘pean’ 
over end of new hollow pin. 





L/26/44 ee 


Fig. 89. Actuating fork — ‘A’, pinion/Clutch assembly — ‘B’ and 
thrust collar/‘C’ clip —‘C’ in assembled position 





Fig. 90. Thrust washer location 


A — Thrust washer 
B — Armature shaft 





Fig. 91. Assemble drive end housing to armature and yoke 


assemblies 
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18. Slide sponge rubber block between solenoid 
mounting bracket and yoke, Fig. 92. 





Fig. 92. Rubber block location between solenoid mounting 
bracket and yoke 


A — Rubber block 


19. Check that when armature is pushed against 
thrust washer in commutator end plate, 
clearance between ‘Spire’ retaining ring and 
bush face is no more than 0,25 mm 
(0,010 in). Fig. 93. If clearance is greater 
drive ‘Spire’ ring clip further down armature 
shaft. Fit end cap seal to commutator end 
cover. 


20. Hook solenoid plunger onto drive engage- 
ment lever ensuring that rubber seal is cor- 
rectly positioned on plunger. 





Fig. 93. Commutator end cover 
A — Ensure clearance is no more than 0,25 mm 
(0,010 in) 
B — Bearing face 
C — Thrust washer 
D — Armature shaft 


21. Slide metal spring retainer and spring over 
plunger, Fig. 94, and then fit solenoid body to 
drive end cover, when solenoid terminal will 
fit into starter terminal. Flat washer, spring 
washer and nut, secures terminals together. 





Fig. 94. Assembly of spring retainer 
A — Rubber seal 
B — Metal spring retainer 
C — Spring 
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26 204 8 STARTER MOTOR -— 
OVERHAUL 
(starter motor removed) 
includes: check components 
for wear/damage, replace if 
required, refinish commutator 
and test 
Type: Bosch — All models 


Special Service Tools Required: None 


To Dismantle 
1. All types 


Clamp starter motor in a vice fitted with 
protective soft jaws. Remove nut and washer 
securing field winding cable to solenoid, 
unhook cable from stud. 


2. OHC engines only 


Remove three solenoid securing screws, Fig. 
95, ‘B’, and guide solenoid yoke away from 
drive end housing and solenoid armature, Fig. 
96. Unhook solenoid armature from actuating 
lever, Fig. 96. 


NOTE: Solenoid is a complete unit and 
contains armature, Fig. 97, therefore 
armature is not removed as a separate item. 





Fig. 95. Starter motors 


A — Starter motor fitted to OHC engines 
B — Solenoid securing screws 





Fig. 96. Solenoid assembly 


A — Solenoid armature 

B — Solenoid yoke 

C — Solenoid armature 

D — Solenoid armature return spring 





Fig. 97. Solenoid assembly 


A — Solenoid armature 
B — Solenoid yoke 
C — Armature ‘hook’ which locates over actuating arm 
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3. All types 


Remove two screws securing commutator 
end housing cap, ‘A’ in Fig. 98, and remove 
cap and rubber seal. 


4. Alltypes 


Wipe grease from armature shaft, and 
remove ‘C’ clip and shims from armature end, 





Fig. 98. 
Fig. 98. Commutator end housing 
A — Securing screws D — Shims 
B — Housing cap E —‘C’ clip 
C — Screwdriver F — Armature shaft 
5. Alltypes 


Remove two nuts and washers from fixing 
studs, Fig. 99 ‘A’, and lift off commutator end 
housing. 


NOTE: Certain Bosch motors use fixing 
screws as an alternative to the nuts and 
studs, Fig. 99 ‘B’. 








Fig. 99. Commutator end housing 


A — Starter — using nuts and washers 
B — Starter — using screws 


6. Alltypes 


Remove brushes from brush plate assembly 
by carefully prising brush retaining/ tension- 
ing springs clear and sliding brushes from 
their locations, Fig. 100. Remove brush plate 
from its location, Fig. 100. 


NOTE: Brushes should be released before 
attempting to remove brush plate, this will 
prevent accidental damage to brushes. 


7. Alltypes 


Separate drive end housing and armature 
assembly from yoke by tapping apart. 





L/26/55 _ 


Fig. 100. Brush assembly 


A — Field brushes C — Brush plate 
B —Terminal brushes  D — Brush retaining springs 
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8. OHC engines only 


Remove rubber insert from drive end housing, 
Fig. 101. Remove actuating arm pivot 
retaining nut and slide pivot pin (screw) from 
housing. Fig. 101. 








Fig. 101. Rubber insert and pivot pin 
A — Actuating arm 
B — Rubber insert 
C — Pivot pin (screw) 


9. Alltypes 


On starter motors that use fixing studs to 
secure motor components together, Fig. 102, 
remove studs to release drive pinion clutch 
stop bracket. 


On starter motors that use fixing screws the 
screws were removed in sub-operation 5. 








L/26/57 


Fig. 102. A and B — Fixing studs 
C — Clutch stop bracket 


10. OHC engines only 


Withdraw armature assembly, complete with 
actuating arm, from drive end _ housing. 
Unhook actuating arm from drive pinion 
flange, Fig. 103. 





Fig. 103. Clean actuating arm assembly 
A — Actuating arm locating flange 
B —Actuating arm 
C — Clutch stop bracket 
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11. All types 


To remove drive pinion assembly from 
armature shaft use a suitably dimensioned 
tube to separate thrust collar from over ‘C’ 
clip, Fig. 104. 


Remove ‘C’ clip from its groove and slide 
thrust collar and drive pinion assembly off 
armature shaft. 


‘ 


NOTE: Do not grip one-way clutch in a vice 
whilst carrying out this operation as it will be 
damaged. 





Fig. 104. Using a suitably dimensioned tube separate thrust 
collar from ‘C’ clip ring 


A — Thrust collar 


12. Alltypes 


Bench inspection and testing of 
components 


A. Brushgear 


Check for sticking brushes. If necessary, clean 
brushes and brush channels with a petrol- 
moistened cloth. 


Check brushes for wear. Brushes worn to 
approximately 10mm (0,39 in) should be 
renewed as a set. 


When replacing brushes they will need to be 
soldered to original leads. Brush leads should 
be cut at a point mid-way between their base 
and brush, Fig. 105. Ensure a good soldered 
joint between wires. Fig. 105. .Brushgear 

A — Cut leads mid-way in their length 

B — Field brushes 

C — Terminal brushes 
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Armature 


Figs. 106 and 107 show armature and two 
types of drive pinion assembly and clutch 
stops. 


"Tet 
Fig. 106 shows assembly where clutch stop 
is integral part of armature. This type is used 
where, starter components (drive end 
housing, yoke and commutator housing) are 
secured with ‘through’ fixing’ Screws. 


Fig. 107 shows assembly where clutch stop 
is a separate bracket and is located, and 
secured, by the two fixing studs, Fig. 102. 


Face of commutator should be clean and 
free from burnt.spots. If necessary remove 
any burnt spots using fine glass paper. (Do 
not use emery cloth), and then clean 
commutator with a petrol-moistened cloth. 


If it is necessary to skim commutator the 
minimum permissible diameter to which the 
armature commutator can be skimmed is 
33,5 mm (1,32 in). 


Skimming operation should be followed by 
polishing commutator surface with fine 
glass paper, then wipe clean with a petrol- 
moistened cloth. 


DO NOT UNDER-CUT THE INSULATION 
SLOTS. 


Armature insulation can be checked by 
connecting a 110 volts a.c. 15-watt test 
lamp between a commutator segment and 
shaft. Lamp should not light, Fig. 108. 


Short-circuited armature windings can only 
be detected by the use of specialised 
armature testing equipment. If this 
equipment is not available, the only 
alternative is to check the armature by 
substitution. 


lf armature laminations have been in 
contact with pole-pieces armature bearings 
are probably excessively worn. First check 
that pole-pieces are tight and that armature 
runs true in a lathe. Then, if necessary, 
renew armature bearings. 


STARTING SYSTEM 








Fig. 106. Armature assembly 


A — Clutch stop C — Thrust collar 
B — Drive pinion and D—’C' clip 
clutch assembly 





Fig. 107. Armature assembly 


A — Clutch stop bracket C — Thrust collar 
B — Drive pinion and D —‘C' clip 
clutch assembly 





Fig. 108. Armature insulation test 
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Yoke and Field Winding Assembly 


Inspect field windings jn situ for obvious 
signs of a fault. A visual indication of a 
breakdown in field winding insulation will 
eliminate need for testing a field winding 
must be renewed. | 


If field winding insulation appears to be 
satisfactory, check continuity between each 
field winding post and the main feed terminal 
using a 12-volt test circuit, with a low 
wattage (1—3 watt) lamp. 


If there are no obvious signs of a field 
winding fault, carry out a positive test of field 
winding insulation by connecting a 110 volt 


a.c. 15-watt test lamp between each field 
winding brush in turn, and a clean unpainted 


part of yoke, Fig. 109. 


Test lamp should not light. Ensure neither of 
brushes or bare part of their leads are 
contracting yoke during test. 


A field winding continuity test is unnecessary 
in the case of full-dismantling, where it is 
possible to inspect joints at both ends of field 
winding. 


The field windings, poles and yoke are not 


serviced as separate items. If a fault is traced 


to the windings the yoke assembly must be 
replaced. 


Bearing bushes 


Bearing bushes in both end housings are self- 
lubricating porous bronze. 


Renew bushes when excessive side-play of 
armature shaft is evident. Fouling of pole- 
pieces by armature, or inefficient operation of 
Starter, is likely to occur if commutator 
bushes are excessively worn. Maximum 
permissible armature side play is 0,05 to 
0,30 mm (0,002 to 0,012 in) before bushes 
need renewing. 


Bush in commutator end housing should be 
removed by carefully tapping out using a 
mandrel ensuring that the end plate is well 
supported, Fig. 110. 


Bush in drive end housing can be tapped out 
with a suitably-sized mandrel, Fig. 111, after 
supporting the plate. 


New bushes should preferably be pressed 
into position, but alternatively can be tapped 
into position, using a shouldered mandrel 
with fitting pin dimension polished to a 
diameter of 11,0 mm (0,433 in). 


Bushes must not be reamed after fitting, 
otherwise  self-lubricating qualities will be 
impaired. 


NOTE: New bushes must be completely 
immersed in clean engine oil (SAE 30/40 
grade) for at least 20 mins. before being 
fitted. : 


STARTING SYSTEM 
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Fig. 109. Testing field winding continuity. 
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Fig. 110. Removing commutator housing bush 


A — Suitably-sized mandrel 
B — Housing 





Fig. 111. Removing drive end housing bush 


A — Suitably-sized mandrel 
B — Housing 
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To Assemble 
13. All types 


Slide drive pinion assembly and thrust collar 
onto armature shaft. Fit ‘C’ clip into its groove 
in armature shaft and then draw thrust collar 
over ‘C’ clip. 


OHC engines only 


Connect actuating arm onto drive pinion 
flange, Fig. 112. Align armature and actuat- 
ing arm to drive end housing and couple up 
components. Fit actuating arm pin and secure 
with retaining nut. 


14. All types 


On starter motors that use fixing studs and 
nuts to secure components instead of fixing 
screws, align clutch retaining bracket, Fig. 
113, and screw home two fixing studs so that 
they retain clutch bracket, Fig. 113. 


15. All types 


Refit rubber insert into drive end housing. 


16. Alltypes 


Guide yoke over armature and abut to drive 
end housing and tap home. 


On starter motors with fixing studs: 


Position brush plate over end of armature. 
Locate studs in alignment ‘cut-outs’ in brush 
plate to ensure correct positioning of brush 
plate, Fig. 114. 





. 


—— 
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Fig. 112. Actuating arm assembly 
A — Actuating arm locating flange 
B —Actuating arm 
C — Clutch stop bracket 





Fig. 113. Clutch stop bracket location 
A and B— Fixing studs 
C — Clutch stop bracket 
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Fig. 114. Brush plate 


A and C — Alignment lugs 
B — Fixing studs 
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26 204 8 (cont'd) 


17. 


18. 


19. 


On starter motors with fixing screws: 


Position brush plate over end of armature. 
Align location ‘cut-outs’ in brush plate with 
‘loops’ in field windings, Fig. 115. Brush plate 
will be positively located when fixing screws 
are fitted in sub-operation 19. 


All types 


Position four brushes in their respective 
brush-plate locations and retain with brush 
springs. 


All types 


Guide commutator end housing into position, 
sliding rubber insulator into commutator 
housing ‘cut-out’, Fig. 116, and locating two 
fixing studs, (where applicable) through 
housing stud holes. Secure commutator end 
housing with either:. 


(a) Two nuts and washers, or (b) two fixing 
screws, as applicable. 


All types 


Slide armature in its bearings, Fig. 117, to 
obtain maximum possible protuberance of 
armature shaft at commutator bearing end. 
Fit sufficient shims onto armature shaft to 
eliminate any armature end float when ‘C’ 
clip is in place. Fit ‘C’ clip. 
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Fig. 115. Positioning brush plate 
A — Field winding loops 
B — Location cut-outs 





Fig. 116. Guide rubber insulator into cut-out in commutator 
end housing 





Fig. 117. Slide armature in its bearings 
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20. 


21. 


22. 


All types 


Place bearing cap seal in position on 
commutator housing, smear a small quantity 
of lithium based grease onto end of armature 
shaft and refit bearing cap, securing with two 
screws, Fig. 118. 


OHC engines only 


Smear lithium based grease onto solenoid 
armature hook and then locate hook onto 
actuating arm in drive end housing. Ensure 
solenoid armature return spring is correctly 
positioned and then guide solenoid yoke over 
armature, Fig. 119. Align yoke with drive end 
housing and retain with three securing 
screws. 


Reconnect field wire onto secondary term- 


inal and secure with nut and washer. 





Fig. 118. Refitting bearing cap 


A — Bearing cap screws 
B — Bearing cap 





Fig. 119. Aligning solenoid yoke 


A—Solenoid armature C — Solenoid armature 
B — Solenoid yoke D — Armature return spring 





Fig. 120. Aligning solenoid assembly 
A — Solenoid armature 
B — Solenoid yoke 
C — Armature hook which locates over actuating arm 
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TECHNICAL DATA 


Manufacturer 


Type 
Number of brushes 

Brush material 

Min. brush length mm (in) os 
Brush spring pressure kg.f (oz.f) 


Min. thickness of commutator mm (in) .. 


*Armature end float mm (in) 


*Type of drive .. 
Max. Torque Nm (kgf. m) (Ibf. ah at 
20 °C at 7V 


Direction of rotation 

Voltage 

Max. current draw (amps) at 7V_ 
s 


(inertia and pre- engaged) 


Lucas 
M35J 
4 


Copper sinter 
8,0 (0,3) 

0,9 (32) 
2,05 (0,08) 
0,1 to 0,3 
(0,004 

to 0,010) 
Solenoid 


9,5 (0,97) 
(7,0) 
Clockwise 
12 

(370) 

(365) Inertia 


(390) Pre-engaged 


*Not applicable on M35J inertia starter models. 


Manufacturer 


Tvper es 

Number of brushes 

Brush material 

Min. length of brushes —mm (in) 
Bush spring pressure — gm (oz) 


Min. diameter of commutator — mm (in) 


Max. permissible out of round on 
commutator — mm (in) 
Armature end float — mm (in) 


Type of drive 

Number of pinion gear teeth 
Number of flywheel ring gear teeth 
Max. torque (mkg) at 20 °C 
Direction of rotation 

Max. current draw watts (amps) 
Voltage Je a : 
Output watts . 


Starter on Test Stand 


Wattage draw: 
Max. no load 12 volt supply 
Max. wattage draw locked with 
7 volts at terminals 
Max. draw of starter (180 rpm 20 °C) 


Bosch 


0,7 PS 

4 

Carbon Y-31 
10 (0,39) 
900 to 1,300 
32,8 (1,29) 


0,3 (0,012) 
0,1 to 0,3 
(0,004 to 
0,012) 
Solenoid 
10 

138 

1,1 
Clockwise 
4,560 (380) 
12 

515 


540 


2,310 
1,200 


5MS0 

4 

Copper sinter 
8,0 (0,3) 

0,9 (32) 
2,05 (0,08) 
0,1 to 0,3 
(0,004 

to 0,010) 
Solenoid 


10,8 (1,10) 
(8,0) 
Clockwise 
12 

(370) 


0,8 PS 

4 

Carbon Y-31 
10 (0,39) 
900 to 1,300 
32,8 (1,29) 


0,3 (0,012) 
0,1 to 0,3 
(0,004 to 
0,012) 
Solenoid 
10 

138 

ga 
Clockwise 
4,080 (340) 
12 

515 


540 


2,310 
1,200 


STARTING SYSTEM 


M50 

4 

Copper sinter 
12,0 (0,4) 
1,8 (62) 

38 (1,5) 

0,6 (0,025) 
max. 


Solenoid 


45,4 (4,6) 
(33,5) 
Clockwise 
12 

(1160) 

at 5 Volts 


LARS 
4 


Carbon Y26x28 


10 (0,39) 
31 to 45 
32,8 (1,29) 


0,3 (0,012) 
0,1 to 0,3 
(0,004 to 
0,012) 
Solenoid 

9 


138 
el 
Clockwise 


12 


720 


3,500 
1,200 


2M100 

4 

Copper sinter 
9,5 (0,37) 


Solenoid 
18,93 


Clockwise 
12 
(480) 


3,375 

4 

Carbon 
15,5 (0,6) 
35 to 46 
32,8 (1,29) 


0,3 (0,012) 
0,1 to 0,3 
(0,004 to 
0,012) 
Solenoid 
12 


Clockwise 
1,400 (117) 
12 
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